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Fig. 1. X ray diffraction analysis of the composite thermoelectric films: (a) XRD patterns; (b) orientation factors of (0001).
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Fig. 2. SEM images of the composite thermoelectric films: The surface secondary electron images of (a) G00, (b) G05, (c) G10,
(d) G15, (e) G20; (f) the porosities versus z; the sectional secondary electron images of (g) G00, (h) G10.
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Fig. 3. Electrical transport properties of the composite films: (a) Electrical conductivity; (b) Seebeck coefficient; (c) power factor;

(d) carrier mobility and carrier concentration.
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Fig. 4. Band diagram of Bij5Sb; sTe; and graphene: (a) UPS spectrum of Bij5Sb; sTes; (b) UPS spectrum of graphene; (¢) UPS
spectrum of gold standard; (d) schematic diagram of the interface energy band structure before and after contact between

Big 5Sb; 5Tes and graphene.
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Fig. 5. Time-dependent cooling performance of GOOD and G10D under different working currents (the blue solid lines represent
GOOD, the red solid ones represent G10D, the black dash ones represent T}): (a) I = 0.06 A; (b) I=0.08 A; (¢c) I=0.10 A; (d) I =

0.15 A; (e) I=0.20 A.
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Fig. 6. In-plane heat dissipation device: (a) The structure diagram; (b) temperature distribution map simulated by COMSOL;

(c) digital photo of the as-fabricated device; (d) temperature distribution map captured by an infrared thermal imager.
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Abstract

In-plane heat dissipation technology based on flexible thermoelectric film cooling is expected to provide a
solution to efficient in-plane heat dissipation of electronic devices. However, the low electrical transport
performance of flexible thermoelectric films and the difficulty in designing the structure of in-plane heat
dissipation device seriously restrict the applications of this technology in heat dissipation of electronic devices.
In this work, an epoxy/BijsSb;sTe; flexible thermoelectric film is incorporated with graphene which can
simultaneously regulate the electrical and thermal transport behaviors. It is found that the incorporating of
graphene not only contributes to the preferential orientation of BijsSh;sTe; grains along (000l), but also
provides a fast carrier transport channel. The carrier concentration and mobility of graphene/BijsSh; sTes
flexible thermoelectric film are simultaneously increased. Comparing with the epoxy/BijsSbysTes flexible
thermoelectric film, the highest power factor of the flexible thermoelectric film with 1.0% graphene at room
temperature reaches 1.56 mW/(K2?m), increased by 71%, while the cooling temperature difference is doubled.
Using this high-performance graphene/Bi,sSb; sTe; flexible thermoelectric film cooling, a cascade structure
high-efficiency in-plane heat dissipation device is designed and fabricated. The device can dissipate heat from
the heat source area to the heat dissipation area step by step and reduce the temperature of the heat source

area by 1.4-1.9 °C, showing an efficient and stable in-plane heat dissipation capability.

Keywords: graphene/Bi, ;Sb; s Te; flexible thermoelectric films, electrical transport properties, fast carrier

transport channel, in-plane heat dissipation device

PACS: 73.50.Lw, 84.60.Rb, 85.80.Fi DOI: 10.7498/aps.71.20220358
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